Objective: To examine domain-specific neurocognitive differences between African American (AA) and Caucasian (CA) patients with pediatric-onset multiple sclerosis (POMS).
Multiple sclerosis (MS) is an inflammatory demyelinating disorder affecting the CNS. Approximately 2%-5% of cases present initially in children under age 18 years. 1, 2 The clinical course of pediatric-onset MS (POMS) involves symptoms similar to adult-onset MS (AOMS), 3 including neurocognitive difficulties.
While the clinical symptoms of POMS are similar to those of AOMS, neurocognitive deficits may differ between the 2 groups. POMS occurs during a time of ongoing myelination in the CNS, so inflammatory demyelination may result in atypical or incomplete formation of white matter pathways crucial for cognitive development. Domains of weaker neurocognitive performance commonly observed in pediatric MS include complex attention, memory, and language. [4] [5] [6] In one POMS cohort, attention was the most commonly impaired neurocognitive domain, affecting about 30% of subjects. 6 In adults, African Americans (AA) have a lower risk of developing MS than Caucasians (CA), but their disease course is typically more aggressive. 7 Among adults, one study found that AA with MS had increased risk of severe vs mild neurocognitive impairment (odds ratio ϭ 1.32) compared with CA patients. 8 However, these increased odds disappeared with correction for socioeconomic status (SES). Research on ethnic differences among children with MS is limited to a single-center study, which reported higher annualized relapse rates in AA than CA children with MS. 9 The present study investigated domain-specific ethnic neurocognitive differences in children and youth with MS. Standard protocol approvals, registrations, and patient consents. Approval to conduct this study was granted by the Institutional Review Board at the University of Alabama at Birmingham, and written informed consent was obtained from all legal guardians of patients participating in the study.
METHODS
Clinical and neurocognitive assessment. Each subject was evaluated by an interdisciplinary team of neurologists, a psychiatrist, and a neuropsychologist. In addition to demographic information, data collected on each participant included disability as rated on the Expanded Disability Status Scale (EDSS 10 ), number of relapses experienced in the first 2 years of disease course, months since symptom onset, and CSF levels of immunoglobulin G (IgG), when available.
The following neurocognitive tests were administered to each participant in a single session: 15 If more than one parent's education level was listed, the highest education attained by either parent who resided with the child was utilized. A small number of data points (6%) were missing and replaced through Expectation Maximization estimation. 16 Bivariate correlation coefficients were obtained between standardized neurocognitive test scores and clinical/demographic variables selected on the basis of their theoretical importance to neurocognitive function. Neurocognitive variables significantly correlated with ethnicity were followed up in hierarchical regression analyses to ascertain the unique contribution of ethnicity to test scores after controlling for relevant covariates. All analyses were conducted in SPSS version 15.0.
RESULTS Demographic data. Forty-two subjects aged 6 -21 years comprised the sample, including 20 AAs and 22 CAs. Descriptive data are presented in table 1. AA and CA cohorts did not differ on any demographic or clinical variables, although there were trends for AA children to have higher EDSS scores and longer time since disease onset. Neurocognitive mean scores and standard deviations for AA and CA cohorts are displayed in table 2.
Correlations between neurocognitive performance and ethnicity. Table 3 shows point-biserial correlation coefficients between ethnicity and neurocognitive test scores. Ethnicity correlated with WASI verbal IQ (VIQ) ( p Ͻ 0.001), D-KEFS Letter-Number Trail Making Task ( p Ͻ 0.01), and approached significance with EOWPVT ( p ϭ 0.06). WASI VIQ also Hierarchical regression analysis. Assumptions of the linear regression model were examined, including normality, linearity, homoscedasticity, absence of multicollinearity, absence of univariate outliers, and the ratio of subjects to predictors. All variables met these assumptions. Hierarchical regression models were conducted to determine the unique contribution of ethnicity to neurocognitive test score. Variables included in the models were chosen based on both theoretical and empirical rationale. SES was in-cluded as a covariate based upon previous research in ethnic neurocognitive differences in adult MS 8 as well as its significant correlation with WASI VIQ in this sample. IgG index and gender were included on the basis of their significant correlations with neurocognitive variables of interest, as well as our theoretical understanding of possible contributory factors to cognitive dysfunction in pediatric MS. Previous pediatric MS research has reported gender differences in physical disability status 17 and IgG index is a marker of immunologic response that has been shown to differ between AAs and CAs with MS. 18 The first step of each hierarchical regression model included the SES, IgG index, and gender covariates. The second step included ethnicity to assess its unique contribution to the model. The dependent variable in each separate hierarchical regression was the neurocognitive test score shown to correlate with ethnicity (i.e., VIQ, Letter-Number Trail Making Task, and EOWPVT scores). Ethnicity explained 24.6% of the sample's variance in WASI VIQ after accounting for SES, IgG index, and gender (table 4), with AAs scoring an average of 1 SD lower than CAs (AA mean ϭ 37.85, SD ϭ 6.39; CA mean ϭ 47.76, SD ϭ 9.91). Ethnicity explained 20.1% of variance in Letter-Number Trail Making Test scores, with AAs scoring lower than CAs (AA mean ϭ 5.68, SD ϭ 3.71; CA mean ϭ 8.55, SD ϭ 2.69). Finally, ethnicity approached significance as a predictor of EOWPVT ( p ϭ 0.06), and explained 6.1% of the sample's performance, with AAs scoring lower than CAs (AA mean ϭ 85.93, SD ϭ 9.13; CA mean ϭ 98.57, SD ϭ 9.04). DISCUSSION AA pediatric patients with MS performed poorer than CA peers in 2 domains: complex attention and language. Complex attention involves focused attention combined with other demands such as visuomotor or visuospatial processing and may affect learning and school performance, as complex attention is necessary for many classroom tasks, e.g., taking notes while simultaneously listening to a lecture. In a previous study, 5 children with MS performed poorly in complex attention tasks when compared with healthy controls. Moreover, the range for the MS group's performance in that study was much wider than the 2 control groups' ranges, suggesting differential impairment within the MS cohort. Given that previous studies with POMS cohorts have noted deficits in these areas, AA children and adolescents with MS may not show unique cognitive difficulties when compared with CA peers, but may demonstrate greater or faster decline in the cognitive capacities typically affected in pediatric MS. Language is typically conceptualized as either verbal fluency or crystallized verbal knowledge. Pediatric MS cohorts have deficits in both domains. 5, 6 Language skills lay groundwork for much of academic learning, and may continue to develop well into adulthood. In adults with degenerative disorders, language tends to be a relatively preserved function, but a different pattern has emerged in the pediatric population. Because language is still maturing during childhood and adolescence, demyelination may preclude typical acquisition of language skills, accounting for the language deficits described in POMS but not in adult-onset MS. 19 Currently, little is known about neurocognitive differences among pediatric patients with MS of different ethnic backgrounds. While more aggressive disease in AA children may result in greater neurocognitive impairment, reliance on disability measures such as the EDSS, which derives primarily from physical impairment, does not adequately address neurocognitive domains.
The present study utilized a cross-sectional design, revealing a "snapshot" of subjects' neurocognitive functioning at one point in time. How the inflammatory demyelinating process of MS affects ongoing myelination in the developing brain is poorly understood. The sequelae of concurrent myelination and demyelination may differ from the effects of demyelinating processes on fully developed white matter pathways, as studied in adults with MS. Future research should consider longitudinal observation of neurocognitive function in children and youth with MS to better comprehend the implications of developing MS at a young age, and how demyelination due to MS in childhood may influence adult cognitive functioning, after natural myelination typically concludes in healthy individuals.
Also complicating development of youth with MS is the fact that patients must overcome obstacles to learning such as chronic fatigue and prolonged school absences due to illness. Longitudinal monitoring of neurocognitive function in pediatric MS cohorts would help characterize the pathologic neurodevelopment of this population, and would educate development of early interventions to address relevant areas of neurocognitive function.
Though the AA and CA cohorts did not differ on disease duration, the developmental neurocognitive course of each cohort is unclear. We do not know if the observed differences continue over time; for example, it is possible that the rate and progression of neurocognitive deficits varies between the 2 ethnic groups. Consequently, the observed differences may not be maintained over time, may be maintained but at a less significant level, or may increase.
Although the sample size of the present study was comparable to many pediatric MS cohorts in the literature, statistical power may have been insufficient to detect all differences. Furthermore, as these analyses were correlational, no causal inferences can be made regarding the observed differences in cognitive functioning between the 2 ethnically defined groups. Observed ethnic differences may not be due to ethnicity itself, but to a third factor such as depression, culture, or access to educational resources that was not covaried in the present analyses. Further, while we attempted to account for factors such as SES and IgG index that might confound with ethnicity, it is possible that the neurocognitive tests themselves have some cultural bias that contributed partially or fully to the neurocognitive disparities between the ethnic cohorts. Finally, the cross-sectional design constrains interpretation and generalizability of our findings. Why ethnic-based differences occur in pediatric MS remains largely unknown. The ethnic groups in this study did not differ on SES, age, gender, or disease variables, so it is unlikely the neurocognitive disparities are due to demographic or readily observable physical factors. Replication of these findings and sequential neuropsychological testing over time will be critical before conclusive statements can be made regarding the current findings.
Ethnic differences in immunologic disease are not without precedent. More severe disability and greater immunologic response have been associated with AA ethnicity in genetic and immunologic research with adult MS cohorts. 17, 20 In systemic lupus erythematosus, AAs have a disproportionately higher mortality risk than CAs, suggesting pathologic differences between ethnicities. 21, 22 Further research should explore associations between cognitive decline and biological factors in order to identify underlying explanations for why cognitive difficulties occur in MS, and particularly why adverse cognitive impact may be more severe for AA children with MS.
The present results suggest cognitive interventions focused on language and complex attention skills may help youth with MS, particularly those of AA ethnicity, who may be more vulnerable to loss of those cognitive skills. We are just beginning to gain some understanding of the cognitive impact of MS in children and youth, and there have been no prior studies examining ethnic differences in the neurocognitive functioning of individuals with POMS. It is hoped that these findings may spur further research on ethnic-based risk for adverse cognitive impact in POMS.
